For pKa = 2.8/pKa = 1.3, Kutsuna and Hori. [2] C Subcooled liquid phase, Kaiser et al. [3] D Soild phase, Kutsuna and Hori. [4] E DuPont EMSE Report. [5] F Higgins and Luthy. [6] G Johnson et al. [7] H Goss et al. [8] I Carmosini and Lee. [9] J Thuens et al. [10] K Subcooled liquid phase, Krusic et al. [11] L Liu and Lee. [12] M Liu and Lee. [13] N Boublik et al. [14] O Dreyer et al. [15] P Solid phase vapour pressure, measured at 23ºC, K OA were measured at 20ºC, Shoeib et al. [16] 
Equation for calculating weighting factors based on Boltzmann distribution
In COSMOtherm, the probability of conformation i to occur, w i , can be calculated according to the following equation, where the symmetry factors f i represent the number of different possibilities to build the same structure. TFE i denotes the total free energy (J mol -1 ) of conformer i, including the total quantum chemical energy of conformer i in the ideal conductor, the correction of the screening charge energy and chemical potential of conformer i in the mixture. TFE min is the total free energy (J mol -1 ) of the conformer with the lowest free energy. R stands for the ideal gas constant (J mol [18] were estimated from experimental K OA and K AW values by using the thermodynamic triangle calculation, whereas the values used in this work are original experimental data with small variability [9] ; ii. For K OA , both studies have used similar experimental methods, however the values cited by Arp et al. [18] were only determined at three temperatures (0, 10, and 20ºC) [8] ; whereas those used in this work were determined in a larger temperature range (eight measuring points within the range of 5-40ºC).
[10]
Our modelled property data are generally in good agreement with data reported in Arp et al. [18] ( Fig.2 in the main text, red dots), which were calculated with an earlier version of COSMOtherm. The differences could be due to different assumptions about which conformers were modelled, but because the two studies use different versions of the COSMOtherm software this cannot be confirmed. In particular, we used the newest version of COSMOtherm in which parameters were significantly improved for compounds containing F, Br, I, S and P. [19] Generally our prediction results show slightly better agreement (in the case of K OW and K OA ) with measurement data than the results reported by Arp et al. [18] Also we have compared the performance of COSMOtherm with EPISuite and SPARC (both data estimated with the newest version and the data published by Arp et al. [18] ). It seems that the version update has not influenced the performance of EPISuite, whereas the estimated partition coefficients differed considerably between the two versions of SPARC. For the newest version of SPARC, some estimates have been improved and some have not. However, because there is no information given on the SPARC model website explaining the revisions that were made, it is not possible to explain the differences in estimates between mode versions. In general, both the SPARC and EPISuite methods are less accurate than COSMOtherm and the estimates vary up to several orders of magnitude. [20] , while EtFOSE has a higher value in the other study. [16] A recent study observed that methylated sulfonamide and sulfonamide ethanols are more volatile than their ethylated counterparts [15] , supporting the trends we observed. It is likely that the authors of the second study [16] have extrapolated the sub-cooled liquid vapour pressure (P L ) from the solid vapour pressure (P S ) incorrectly by using the same melting point and entropy of fusion for both compounds. [16] Although an exact phase correction cannot be made due to lack of information on the ∆ fus G, it is likely that after correction our estimates will be within one log unit close to the empirical data.
For the P L of PFOA, it is likely that in one experimental study [3] the vapour pressure was underestimated, since there is a contradiction with another value reported in the literature: the P L is 4.2 Pa [3] , whereas the other value, in this case for the solid phase, P S , is 5.2 Pa. [4] It is possible that the extrapolation method (from high to low temperature) used in the first study [3] does not fit for PFOA (and the other PFCAs investigated). However, the vapour pressure measurements at different temperatures [3] allow us to calculate the enthalpy of vaporisation (∆H VAP ) for PFOA (64.7 kJ mol -1 ). If we combine this with the reported enthalpy of sublimation (∆H SUB ), 88.9 kJ mol -1 , [4] we obtain the enthalpy of fusion (∆H FUS ) as 24.2 kJ mol -1 for PFOA. With this information we can correct the P L estimated with COSMOtherm into P S (20.9 Pa), which is approximately 4 times higher than the reported P S of 5.2 Pa. [4] Therefore, we expect that COSMOtherm overestimates the vapour pressure of PFCAs, since it cannot consider the possible dimerisation level that can lower the vapour pressure. But the overestimation is still in a tolerable range.
For K OA , COSMOtherm only slightly overestimates the values for perfluorinated sulfonamides (0.3 log units for MeFOSA and 0.6 log units for EtFOSA), whereas larger differences are observed between our estimates and the empirical data for MeFOSE and EtFOSE. Our estimates are 1.8 log units higher than in one study [15] and around one log unit higher than the value reported in another. [16] However, there is no clear evidence showing which experimental determination is more precise.
For the K AW of PFOA, our estimate is around one log unit higher than the empirical value. [1] However, that empirical value was measured for the solute (including both the neutral species and its anionic form) in water having additional H 2 SO 4 at 20ºC, whereas our estimate refers only to the neutral species in deionised water at 25ºC. Therefore, we have compared our estimated with another study that excluded these confounding factors. Our estimate is close to the value corrected with pK A = 1.3 (within 0.2 log units) and less close to the value corrected with pK A =2.8 (within 0.5 log units). [2] In combination with the results obtained for the FTOHs, it can be concluded that COSMOtherm estimates have some uncertainty, but at least for the cases where a comparison with measured data is possible, the uncertainty is at a tolerable level (within one order of magnitude close to the experimental data). 
